Objective: Though synergy of sorafenib and transarterial chemoembolization (TACE) in hepatocellular carcinoma (HCC) is well discussed in previous reports, association of lipiodol retention by sorafenib addition to TACE with the survival outcomes remain elusive. Therefore, we studied the impact of sorafenib addition to TACE on survival outcomes mediated by lipiodol retention. 
INTRODUCTION
Hepatocellular carcinoma [HCC] is the seventh most frequent cancer in males and ninth most common in females, leading to more than 500 000 deaths annually throughout the world [1] . China alone accounts for 53.5% of HCC cases worldwide [2] . Though tumor resection and liver transplant are the current therapeutic approaches employed to treat HCC, these may be restricted to patients with ill preserved liver functions such as, presence of liver cirrhosis, hypertension portal, coagulopathy, increased bilirubin or hepatic dysfunction [3] .
Eventually, transarterial chemoembolization [TACE] has gained wide acceptance as standard of care for treating unresectable HCC [4] . Conventional TACE therapy involves intra-arterial delivery of chemotherapeutic agents along with lipiodol followed by injection of embolizing agents like gelatin sponge particles to necrotize the tumor Clinical Research Paper www.impactjournals.com/oncotarget tissue [5] . Though lipiodol is used as a chemo drug eluting substance in TACE, it itself has tumor necrotizing ability. Exogenous Lipiodol administered after resection has also shown increased recurrence free survival in HCC patients [6] . Recent reports on meta-analysis of controlled trials on TACE therapy for HCC claimed that, addition of a chemotherapeutic agent did not exert extra benefit to increase the overall survival (OS) compared to the transarterial embolization [TAE] [7] . Previous studies reported that, poor lipiodol retention by the tumor is a major factor affecting OS and time to progression (TTP) associated with TACE therapy. Further, the risk of disease progression in poor lipiodol retention is negatively correlated with increased TACE interventions and degree of lipiodol deposition after the first TACE [8] .
The addition of an anti-angiogenic, vascular endothelial growth factor (VEGF) inhibitor sorafenib, to TACE has been experimented in the recent past to increase the OS and TTP in HCC patients. Several studies have reported the efficiency of sorafenib to prolong OS of HCC patients in combination with TACE [9] [10] [11] [12] [13] . Moreover, sorafenib was well tolerated and improved OS after resection in Barcelona Clinic Liver Cancer (BCLC) stage C hepatocellular carcinoma [14] and in patients' refractory to TACE [15] . It has also proven efficiency in preventing HCC recurrences post liver transplantation [16] . Most of all, sorafenib also increases average interval and frequency of TACE, thereby paving high chances for lipiodol retention by the tissue thereby achieving antitumor effect [17] .
Consequently, it can be hypothesized that the beneficial effects of sorafenib along with TACE therapy in HCC may be related to the lipiodol deposition. Till date there are no studies documented on the effect of sorafenib on lipiodol deposition. In this study, we have evaluated the lipiodol retention ability of sorafenib and compared the OS and TTP of HCC between TACE alone and TACE + sorafenib treatment groups.
RESULTS

Demographic characteristics of the patients
A total of 236 patients were included in the study. Of which, TACE group had 133 patients (males, n = 117; females, n = 16) and TACE + sorafenib group had 103 patients (males, n = 88; females, n = 15). Mean age of patients in TACE group was 57.35 ± 11.88 years and TACE + sorafenib group was 53.88 ± 12.25 years. There were no statistical differences in the serum level of AFP and HbsAg, Eastern Cooperative Oncology Group (ECOG) performance status, BCLC staging, number of tumors and frequency of TACE between the two groups, except for the Child-Pugh class categories A, B and C, where significant difference between the TACE and TACE + sorafenib group was observed (P < 0.0001) ( Table 1) .
Comparison of Lipiodol deposition profile of TACE and TACE + sorafenib groups
Iodine oil/ Lipiodol deposition was a short-term outcome measured by analyzing the computer tomography (CT) scan images of patients (Figure 1 ). Iodine oil deposition of > 50% [8] was significantly increased in TACE + sorafenib group (70.87%) compared to TACE alone group (45.11%) (P = 0.0001) ( Table 1) . Upon logistic regression analysis of the two groups we found that sorafenib treatment in patients receiving TACE significantly increased lipiodol deposition (OR = 0.449, P = 0.041) ( Table 2 ).
Logistic regression analysis of factors associated with Lipiodol deposition
Logistic regression showed lipiodol deposition was not significantly affected by increase in age and gender (OR = 1.006, P = 0.627 and OR = 1.147, P = 0.756 respectively). Whereas, lipiodol deposition was slightly increased with increased number of TACE interventions (< 3 TACE vs. ≥ 3 TACE; OR = 0.984), less number of tumors (< 3 vs. ≥ 3; OR = 0.812, P = 0.958) and slightly decreased with increased tumor size (< 7 cm vs ≥ 7 cm; OR = 1.236, P = 0.679). Lipiodol deposit was further decreased with the presence of Child-Pugh C class (OR = 1.585, P = 0.252) and increased with BCLC stage B over C (OR = 0.675, P = 0.248), ECOG status (OR = 0.857, P = 0.582) and HbsAg status (OR = 0.869, P = 0.815). None of these impacts were statistically significant ( Comparison of time to event rates between TACE alone and TACE + sorafenib groups Kaplan Meir curves were constructed for OS and TTP determination and are depicted in Figure 2A- The log rank test did not reveal significant difference between the two groups, P = 0.254. The hazard of death was comparatively greater in TACE alone group than TACE + sorafenib group [HR = 1.071; P = 0.816, non-significant] as observed in the cox proportional hazard analysis (Table 4) . Similarly, the median TTP duration in TACE + sorafenib and TACE alone groups were 5.7 months [95% CI = 4.243-7.157] and 6 months [95% CI = 5.2-6.7] respectively. However, the log rank test did not reveal significant difference between the two groups, P = 0.645. The hazard of disease progression was comparatively greater in TACE alone group than TACE + sorafenib group [HR =1.329; P = 0.164, non-significant] as observed in the cox proportional hazard analysis (Table 4) . status, Child-Pugh class, HbsAg level had non-significant impact on OS and TTP (Table 4) .
Safety events
Among the major adverse reactions associated with TACE plus sorafenib treatment and TACE alone treatment, occurrence of biloma with abscess was more in TACE treatment group (3 patients, 2.3%) when compared to TACE-sorafenib group (1, 1%; Table 5 ). Significant increase in minor adverse events (abdominal pain, fever, vomiting) were observed in TACE alone therapy than TACE-sorafenib combination therapy. In the TACEsorafenib combination treatment, the rate of occurrence of low grade (grade 1-2) sorafenib-related adverse events (hand-foot skin reaction, diarrhea, fatigue, hypertension, rash, alopecia and voice changes) was more. Grade 3 reactions were observed in hand-foot skin reactions (9(8.7%)) and hypertension (2(1.9%)) and no grade 4 reactions were reported (Table 6 ).
DISCUSSION
In our last retrospective study, TACE effect was proved to be significantly associated with lipiodol retention [8] . Many other studies have also reported that TACE deposition correlates well with tumor necrosis [18] [19] [20] . In addition, sorafenib addition to TACE therapy is recommended as an effective therapy for advanced HCC [9] [10] [11] [12] [13] [14] [15] [16] . Nevertheless, the underlying mechanism of the synergistic effect were not understood.
HCC is one of the highly-vascularized tumors. Lipiodol is selectively uptaken and retained in hyperarterialyzed liver tumors thereby improving the pharmacokinetics of the drug and tumor response [21] . Circulating VEGF is associated with tumor progression in most of the tumors [22, 23] . Xin et al. reported that pre-TACE circulating VEGF levels were significantly high in HCC patients and the levels were considerably decreased post TACE treatment. This further confirms the role of circulating VEGF in HCC also [24] . Moreover, circulating VEGF levels were associated with poor outcomes in patients with diversified tumors [25] [26] [27] [28] . Unambiguously, increase in VEGF correlated with decreased lipiodol retention in HCC patients suggesting that VEGF ate up the lipiodol deposited in the tumor [24] . Additionally, in a study conducted to assess the correlation between increased VEGF levels and prognosis after TACE in HCC patients, lipiodol deposition was significantly increased in untreated HCC patients whereas lipiodol deposition increased in 1-2 days after they received first TACE [29] . The reason why we chose iodine oil/lipiodol deposit as the short-term endpoint is due to the assumption that hyper vascular progressing tumor usually washes out deposited lipiodol. As sorafenib can delay tumor progression, the addition of sorafenib to TACE could reduce the consumption of lipiodol. Sorafenib may reduce endothelial nitric oxide synthase (eNOS) activity by inhibiting vascular endothelial growth factor receptors (VEGF-R), leading to a decrease in nitric oxide production and increase lipiodol retention. In the present study, lipiodol has not shown correlation with the survival outcomes associated with the combination treatment, but we find some evidence that increased lipiodol deposition may increase the anti-VEGF activity of sorafenib as lipiodol retention increases the tumor vascular permeability of the drug and hence, increased anti-VEGF activity may be the reason behind the survival benefits. Till date the correlation between lipiodol deposition and sorafenib effect in combination with TACE in HCC is obscure. There is evidence for the antiangiogenic effect mediated efficacy of sorafenib but here we aimed to see if the antiangiogenic property of sorafenib is boosted by increasing the lipiodol retention. As this is a preliminary study on lipiodol retention, we did not show the correlation of lipiodol retention with increased anti-VEGF property and hence a further study on the mechanistic role of lipiodol retention may favor the findings of the present study. The present study findings itself may prove as pioneer evidence for further studies.
Overall our retrospective study revealed a significant increase in lipiodol deposition with addition of sorafenib to TACE compared to TACE alone, proving a synergistic effect of the combination. This may be attributed to the anti-VEGF effect of sorafenib as discussed above. Upon logistic regression, we found that lipiodol deposition was slightly increased with increased number of TACE interventions, decreased number of tumors and BCLC stage B over C, whereas, slightly decreased with increased tumor size, presence of Child-Pugh C class, ECOG and HbsAg status which are in line with our previous reports [8] . None of these impacts were statistically significant, and this may be due to high heterogeneity among the patients and also small sample size and retrospective study nature. Though several meta-analyses of major RCTs showed a superior clinical efficacy of sorafenib addition to TACE therapy over TACE alone therapy, the OS differed tremendously among different patient population, irrespective of the treatment pattern. In a meta-analysis of five comparative studies (2 RCTs) by Wang et al. [30] with a total of 899 patients, though sorafenib increased OS in TACE treated patients the difference was not significant when compared with TACE alone. However, in an earlier meta-analysis of six published studies with a total of 1254 patients a significant difference in OS improvement was seen between the two groups [31] . Nevertheless, a larger meta-analysis on nine studies but with a lower sample size (n = 900), did not yield significant PFS between the groups but however showed a downward trend in progression free rate [32] . From this one may infer that, the response to the treatments vary among patients tremendously and depends on the study design and sample size. Larger sample size and RCT design yielded more significant results than other comparative non-RCT studies with smaller sample size. Nevertheless, the non-significant findings had an impact on the clinical efficacy of the treatment. Our study also showed improved OS and TTP in HCC patents, though significant impact of lipiodol deposition on the OS and TTP was not observed. There may be other reasons which may decide the OS and TTP apart from lipiodol deposition in TACE + sorafenib and hence, we restrict our study to the association of lipiodol retention with sorafenib and its synergy with TACE. Also, researchers suggest that TACE plus sorafenib therapy was well tolerated and gave better survival outcomes in advanced HCC patients and hence, as this study involved intermediate stage HCC patients future studies are warranted to delineate the involvement of lipiodol retention on OS and TTP in advanced HCC patients and that the results from this study may be preliminary and an insight that lipiodol retention is improved with sorafenib and further randomized trials are warranted to evaluate the impact of the lipiodol deposition on survival benefits. One more reason for non-significant association of lipiodol deposition with survival may be due to the ethnicity of patients. In previous studies, sorafenib did not significantly prolong TTP or OS in Asian patients compared to non-Asians with HCC who responded to TACE [33] . Moreover, the incidences of adverse events were also worsened in the patients treated with sorafenib and TACE combination therapy [34] . The complication profile of the therapy reported in previous studies was similar with that of our study. Further, studies by Iavarone et al. [35] and Abou-Alfa [36] , reported treatment interruptions and dose changes along with high adverse events in patients who responded to TACE and were treated with sorafenib and that factors such as ECOG status, macrovascular invasion, extrahepatic spread of tumor were independent predictors of survival. Similar way, the lipiodol retention may be influenced by similar predictors and might have led to non-significant association with OS.
To conclude, lipiodol deposition is significantly increased upon sorafenib addition after TACE. However, there was no significant impact of lipiodol deposition on the survival benefits exerted by the synergistic combination and hence, future prospective trails are warranted to validate the findings of this study. Also, the synergy of the combination may be correlated with the anti-VEGF effect of sorafenib which needs further validation.
MATERIALS AND METHODS
Study design and patient eligibility
We performed this long-term, retrospective, singlecenter study by evaluating medical records of subjects who were diagnosed with HCC at the Department of Interventional Radiology of Zhengzhou University Affiliated Cancer Hospital, China between April 2004 and March 2012. Patients diagnosed with HCC (BCLC stage B or C), Child-Pugh grade A, B or C, ECOG score of 0, 1 and 2, those received at least two cycles of TACE assigned to sorafenib (400 mg, twice daily (BID)) group or control group and patients with reported data on iodine oil/lipiodol deposition and efficacy and/or safety analyses were included in the study. Patients previously treated with microwave ablation, radiofrequency ablation, surgical resection or liver transplantation after TACE, platelet count < 50 × 10 9 /L were excluded from the study. Participants with missing data were also excluded automatically. Informed consent was not a prerequisite since this was a retrospective study. The patients' information was anonymized throughout the study for confidentiality.
HCC patients were assigned to two cohorts based on the interventions they received, into 1) TACE alone group and; 2) TACE + sorafenib group; in this group sorafenib 400 mg BID was initiated within 1 week before the first TACE. The CT examinations were performed within 1 week of each TACE cycle. The interval between each treatment cycle was 1 month. As lipiodol is retained in the tumor nodules up to 1-year after injection and has also reported immediate retention with a CT examination performed within 7-14 days after TACE [37] [38] [39] , we performed the CT early for detecting the early retention of lipiodol.
Study outcomes and safety assessment
Demographic characteristics of patients were obtained from medical records. Primary outcome of the study was to quantify and compare lipiodol deposition in TACE alone and TACE + sorafenib cohorts. Lipiodol deposition was evaluated using CT scans and it was quantified as a measure of increased tumor area density. The denser the tumor area, the maximum is the lipiodol deposition. Secondary outcomes were assessment of OS (defined as the time interval from when the intervention was approved for the patient to death from any cause) and TTP (defined as time from randomization until tumor progression, not including death).
We also examined tumor responses using modified response evaluation criteria in solid tumors (mRECIST) which include CR, disappearance of all clinical evidence of disease), PR (at least 30% reduction in size of all measurable tumors), stable disease (SD, Between a 30% reduction or < 25% increase in the size of all detectable tumors), and progressive disease (PD, Patients or proportion of patients with a ≥ 25% increase in size of tumors since previous measurement) rates, as the secondary outcome for the patients treated with this combination therapy. Response rate was defined as the proportion of patients with CR and PR in the analyzed population. www.impactjournals.com/oncotarget
Statistical analysis
Patient demographics, clinical history, laboratory data, and CT scan images were collected. Logistic regression analysis was performed on independent variables that would impact lipiodol deposition included age, gender, ECOG, Child-Pugh class, BCLC stage, HbsAg and AFP levels, tumor size, number of tumors and frequency of TACE. Descriptive analysis was performed for demographic characteristics and the populations were represented as counts and percentages. KaplanMeier curves were drawn to determine the survival rates (OS) and TTP in subjects of both experimental groups. Cox Proportional Hazard Regression was used for a multivariable adjusted analysis of survival curves with demographic and clinical baseline characteristics. HCC tumor necrosis was measured from CT scan data according to mRECIST criteria. We utilized Chi-square analysis to test association between mRECIST and categorical variables. All statistical analyses were performed with the IBM SPSS statistical software version 22 for Windows (IBM Corp., Armonk, New York, USA). A two-tailed p of < 0.05 was considered significant.
